Conditioned flavor aversions, readily established in rats by pairing a novel palatable flavor with radiation-induced or drug-induced illness, are highly efficient adjustments with implications for the treatment of alcoholism and obesity. Recent experiments show that such aversion acquisition is diminished by preconditioning familiarity with the conditioned stimulus (CS) flavor. However, these studies involved single pairings of the target flavor with postingestional illness. In the present experiment, multiple conditioning trials and discrimination training were combined to produce a marked aversion to a highly familiar and relatively bland substance, plain tap water. This conditioned water aversion demonstrates the transient nature of the CS familiarity effect, thus weakening any contention that preconditioning exposure to target flavors will necessarily render aversion therapy for alcoholism or obesity ineffective.
Conditioned flavor aversions, also designated as bait-shyness responses or taste aversions, are readily studied under controlled conditions by following the ingestion of a preferred solution with illness induced either by toxic injection (Garcia, Ervin, & Koelling, 1967) or exposure to ionizing radiation (Garcia, Kimeldorf, & Koelling, 1955) . Nausea is known to be part of the radiation sickness syndrome in man, and the reliability and generality of radiation-induced flavor aversions have been repeatedly demonstrated in diverse species including mice, rats, cats, and monkeys (cf. Kimeldorf & Hunt, 1965) . The best example of bait shyness in man is found in results of therapeutic efforts to control alcoholism through aversion conditioning. In the most extensive and systematic of these programs, Lemere and Voegtlin (19SO) subjected more than 4,000 alcoholics to treatment involving repeated conditioning trials in which alcoholic beverages were consumed prior to drug-induced nausea and vomiting. They observed strong conditioned aversions after a few such pairings and reported a 60% total abstinence rate during the year following 1 Requests for reprints should be sent to Ralph L. Elkins, Psychology Research (183L) , Veterans Administration Hospital, Augusta, Georgia 30904. treatment. While systematic investigations of other flavor-aversion responses in man have not been reported, much anecdotal evidence points to their existance. For example, Garcia (1971) related that former cruise passengers are often disgusted by foods first encountered in conjunction with sea sickness but are likely to greet old shipmates with enthusiasm. Similarly, sufferers of nauseating illnesses commonly develop aversions for distinctive flavors consumed prior to nausea onset. Furthermore, as emphasized by Seligman (1970) , knowledge that nausea was caused by flu and not sauce bearnaise fails to prevent the sauce from tasting bad in the future. The apparent salience and persistence of such associations has led Seligman to suggest that conditioned flavor aversions in humans are more resistant to cognitive modifications than other classically conditioned responses (e.g., Spence & Platt, 1967; Wickens, Allen, & Hill, 1963) .
In addition to their basic scientific interest, recent bait-shyness experiments using nonhuman subjects have important implications for aversion therapy approaches to treatment of alcoholism and obesity. For example, showed that postingestional illness is an exceptionally efficient noxious basis for the induction of conditioned flavor aversions, which to date have been difficult to establish by pairing flavor ingestion with aversive faradic stimulation. In a study especially relevant to this point, Garcia, Kovner, and Green (1970) established a distinctive palatable flavor as a cue for shuttle box avoidance of foot shock in rats. However, conditioned subjects showed no subsequent decrease in home cage preference for the cue flavor. In contrast, flavor-toxicosis pairings resulted in the development of typical flavor aversions. Other similar experiments have repeatedly confirmed that flavor aversions are readily based on illness but difficult to establish with cutaneous shock (Domjan & Wilson, 1972; Garcia, et al., 1966; Garcia, McGowan, Ervin, & Koelling, 1968) . hypothesized that such differential cue salience may be subserved by neuroanatomically discrete associative mechanisms. Differential cue salience and other bait-shyness phenomena in conjunction with a review of clinical and human-experimental results led Elkins (1974) to agree with prior suggestions (Lazarus, 1968; Wilson & Davison, 1969) that nausea is biologically more appropriate than painful faradic stimulation as a noxious basis of aversion therapy for alcoholism.
The animal literature has other important implications for aversion therapy. For example, Elkins (1974) used bait-shyness results to suggest an approach to the treatment of alcoholism which incorporates selected elements of verbal aversion therapy (Anant, 1967) and covert sensitization (Cautela, 1966) . Verbal aversion therapy and covert sensitization are designations for similar treatment procedures in which conditioned aversions to specific ingestibles are developed by pairing imaginary consumatory or preconsumatory responses with verbally induced nausea. Although few reports have appeared to date, promising results have been obtained with alcoholism (Anant, 1967 (Anant, , 1968 Ashem & Donner, 1968; Cautela, 1966 Cautela, , 1967 Cautela, , 1970 and obesity (Janda & Rimm, 1972; Manno & Marston, 1972) .
Bait-shyness results generally support the efficacy of establishing conditioned aversions to alcoholic beverages as an important component of therapeutic efforts aimed at the elimination of alcohol consumption. However, one set of findings merits additional investigation. Familiarity with a particular flavor prior to conditioning has been found to markedly reduce the magnitude of conditioned flavor aversions in rats (Domjan, 1971; Elkins, 1973a; Farley, McLaurin, Scarborough, & Rawlings, 1964; McLaurin, Farley, & Scarborough, 1963; Nachman, 1970; Revusky & Bedarf, 1967; Revusky, Lavin, & Pschirrer, 1970; Vogel & Clody, 1972; Wittlin & Brookshire, 1968) . For example, using experimental procedures known to induce strong aversions to novel palatable flavors, Elkins (1973a) found that (a) as little as one day of preconditioning exposure to a saccharin-flavored solution partially disrupted the acquisition of a drug-induced saccharin aversion and (b) aversion formation was completely blocked by 20 days of preconditioning flavor access. Considered alone, these results imply that aversion therapy based on nausea is contraindicated since alcoholics are generally quite familiar with both alcohol and nausea. However, this suggestion is incompatible with numerous reports of success in the induction of therapeutic alcohol aversions by both chemical and verbal means (Anant, 1968; Cautela, 1970; Elkins, Murdock, & Wiggins, 1973; Lemere & Voegtlin, 1950; Williams, 1947) . Within this context, it is important to note that relevant bait-shyness experiments using nonhuman subjects involved a single conditioning trial. In contrast, aversion therapy is typically conducted over a number of multiple-trial conditioning sessions. Also, as discussed in detail elsewhere (Elkins, 1974) , well-conceived aversion therapy emphasizes discrimination-training procedures designed to strengthen habits incompatible with alcohol ingestion.
The present experiment was designed in an effort to resolve the apparent incongruity separating animal-experimental and humanclinical results. Since therapeutic implications of potential results were considered to be of major importance, experimental procedures were selected to maximize aversion-attenuation effects of flavor familiarity. Specifically, multiple conditioning trials and discrimination training were used in an attempt to induce rodent bait shyness to a highly familiar and relatively bland substance, laboratory tap 413 water. In an additional effort to minimize the likelihood of aversion detection, aversion evaluation involved extended two-bottle preference tests with both plain tap water and an aversive quinine sulfate solution simultaneously available in separate bottles. Any water aversion detected under these conditions would therefore be of sufficient strength to override unconditioned negative aspects of the quinine solution. Quinine sulfate in the concentration used is normally rejected by rats and is perceived as bitter by humans.
METHOD

Subjects
Subjects were experimentally naive SpragueDawley-derived male rats ranging in age from 90 to 120 days at the beginning of the study. All subjects were individually housed in standard wire cages and given ad-libid access to Purina Laboratory Rat Chow throughout the duration of 'the experiment.
Procedure
All subjects were habituated to tap water over a 60-day period during which it was continuously available as their sole fluid source. Following this familiarization period, they were given 10 days of acclimation to a restricted drinking schedule under which tap water was available as the only fluid source for 10 minutes each day. Tap water was then replaced by a .003% solution of quinine sulfate in tap water. This quinine sulfate solution was presented under the same restricted access schedule of 10-minute availability each day over a 10-day period. Subjects were then randomly divided into three groups: a cyclophosphamide group and a saline group containing eight subjects each and a normal group containing four subjects. The 10-minute schedule of daily fluid access was continued, but commencing with the day following group assignment plain tap water was substituted for the quinine solution every third day. Five minutes after each instance of water availability, subjects of the cyclophosphamide group received 25 millograms/kilogram intraperitoneal cyclophosphamide injections, while those of the saline group received similar injections of physiological saline. Subjects of the normal group were maintained without injection. This schedule of water access interspersed between two days of access to the quinine solution was continued for nine water presentations. The ninth water presentation was followed by the customary two days of injection-free access to the quinine solution. All subjects were then exposed to extended extinction during which both tap water and the quinine solution were constantly available in separate bottles. Bottles were weighed daily to determine absolute fluid consumption and were reversed in a nonsystematic manner to control the development of position preferences. Daily water preference scores were computed from absolute consumption data to reflect the percentage of tap water consumption relative to total fluid intake.
RESULTS
Subjects of the cyclophosphamide group developed marked and long-lasting conditioned aversions to highly familiar tap water. When given a choice during extended two-bottle extinction tests, these conditioned subjects revealed a clear preference for a normally aversive quinine solution. As revealed by Figures  1 and 2 , initial mean water preference scores for conditioned subjects approximated 10%, while a combined group of saline control and normal control subjects generated a mean water preference score in excess of 80%. The strength of this water aversion is further indicated by extinction data. Following 30 days of continuous extinction, the cyclophosphamide group's mean preference score was still below 35%. Also, water preference scores of two conditioned subjects still approximated 10% following 60 days of extinction, the total period of data collection (see Figure 2) . However, as shown by Figure 2 , this interval was sufficient to reveal extensive individual differences in resistance to extinction. One conditioned subject eventually reached a relatively neutral preference level, while the remaining five showed complete extinction of the water aversion.
Group differences, apparent graphically in Figure 1 and Figure 2 , were also statistically reliable. Water preference scores of individual animals were averaged over 12 successive fiveday periods. Following an arc-sin transformation, these scores were subjected to a two factor analysis of variance with repeated measures on one factor, successive test periods (Winer, 1962) . This analysis of variance showed differences between groups (F -18.47, df= 2/17, p < .01), differences over successive Test Periods (F = 6.32, dj -ll/ 187, p < .01), and the Group X Test Period interaction (F = 3.99, df = 22/187, p < .01).
DISCUSSION
The successful induction of strong aversions to familiar tap water as a consequence of re- peated conditioning trials and discrimination training clearly demonstrates the transient nature of aversion attenuation resulting from preconditioning flavor familiarity, thereby weakening any contention that conditioned stimulus exposure prior to conditioning will necessarily render aversion therapy for alcoholism or obesity ineffective. The strength of these toxicosis-induced flavor aversions is relevant to both basic and applied considerations. The fact that familiar tap water was rendered sufficiently noxious to force the acceptance of a normally aversive quinine solution strongly supports the desirability of emphasizing discrimination training as an integral part of aversion therapy. A discussion of discrimination training strategies for covert sensitization treatment of alcoholism is available elsewhere (Elkins, 1974) . These and similar procedures applicable to related problems such as obesity and smoking merit vigorous development and experimental evaluation.
Overall, present results and prior findings (for reviews see Revusky & Garcia, 1970; and Seligman, 1970) depict bait shyness as a highly efficient learned adjustment. The species and ontogenetic survival value of such learning is obvious for animals whose foraging habits involve dietary choices from a population of consumables containing toxic alternatives. In Seligman's (1970) terminology, bait shyness has evolved as a "highly prepared" type of associative learning. Seligman (1970) also suggested that bait shyness may be more resistant to extinction than many other types of learning falling lower on his continuum of associative preparedness. While direct evidence is unavailable, the high degree of resistance to extinction observed in this experiment is consistent with Seligman's hypothesis. Most animals eventually accepted tap water following prolonged extinction testing. This is apparent graphically and is supported sta- tistically by the significant Group X Test period interaction. However, six of eight subjects maintained marked aversions for at least IS days, and two of these continued to display strong water rejection over the entire extinction test. These results, obtained during a forced-choice extinction procedure which pitted tap water against a naturally aversive flavor attest to robust conditioning. It is predicted that even greater resistance to extinction would be observed if the quinine solution were replaced with a neutral flavor. Such a consumatory option would more closely approximate clinical applications which attempt to render alcohol noxious while emphasizing the desirability of nonalcoholic options. Individual differences in resistance to extinction, apparent in Figure 2 and elaborated above, constitute another potentially important finding. They lend additional support to suggestive evidence (Elkins, 1973b ) that individual differences in aversion strength are characteristic of bait-shyness phenomena. Such differences have also been observed in chemical aversion therapy, in which Voegtlin (1947) reported that a small minority of treated alcoholics with normal responses to emetic drugs failed to develop conditioned alcohol aversions. Similar findings have also been observed in covert sensitization, where marked individual differences characterized the ease of aversion formation in a small sample of treated hospitalized alcoholics (Elkins, Murdock, & Wiggins, 1973 ; also discussed in Elkins, 1973b) . Some patients rapidly developed strong conditioned aversions to alcoholic beverages paired through imagination with verbally induced nausea. Others developed similar strong aversions but at much slower acquisition rates. Of particular relevance and reminiscent of Voegtlin's (1947) report, a few patients with normal nausea responses (as evidenced by both physiological and behavioral observations) failed to develop alcohol aversions, even after numerous conditioned trials. Although other hypotheses are tenable, these findings are consistent with the possibility that both rats and humans have evolved associative mechanisms displaying intraspecific variability in the efficiency of aversion formation. Additional study is obviously needed to clarify the role of individual differences in aversion formation. In addition to its intrinsic scientific interest, such research may eventually result in the development of predictive criteria useful in selecting patients likely to benefit from covert sensitization treatment of alcoholism and obesity.
